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Naooparticles for O rai Admirtistration of Pharmaceutical Agents of Low SoSybllity 

The present invention relates to pharmaceutical compositions for the ora! administration of 
pharmaceutical agents of low water-soiubJlity and to a process for the preparation of said 
phafmaceutica! composiltons. 

The oral administration of pharmaceuticai agents formulated as tablets, capsules, or dra- 
gees has certain advantages over parenteral admirtstration such as i.v. or t.m.. A certain 
psychotogica! ^pect cannot be igriored. Diseases requiring treatment with "painfu!" injec- 
table formulations are considered far more "serious" than those diseases being treated with 
other oral dosage forms. The reaiiy smportant advantage of oral formuiations is held to be 
their suitability for self-administration by the paiient as against parenteral fomtiuiations that 
have to be administered in most oases by a physician or paramedical personnel. 

An oral dosage form desaggregates after administration and is then subjected to the action 
of liquids present in the gastrointestinal tract, such as gastric and intestina! Juices, A large 
group of orally administered active agents have lipophilic properties and are, therefore, 
sparingly soluble in those liquids. This diminishes the amount available for resorption which. 
In turn, reduces the bloavailabiisty of the active agent administered. To compensate for such 
loss of bloavallabiilty, the administration of a higher dose is required. However, higher 
doses of many active agents having Sow water solubility such as MSAIDs, e.g. acetyl 
salicylic add or ibuprofen, or bisphosponates, e, g. sodium pamidronate, are undesirable 
because ol side-effects such as peptic ulceration, 

Accordingiy, the problem to which the present invention relates may be defined as foliows: It 
is desirable to provide an oral dosage form for active agents of low water solubility in a 
physioiogically acceptable dose. To solve this problem it is necessary to enhance the 
solubility of the active agent to be administered in the oral dosage form. 

Numerous attempts have been made according to the the prior art to increase the solubility 
of an active agent, especially in fluids present in the gastrointestinal tract (GiT). One 
approach is the addition of so-called solubility promoters or solubiilzers, e,g. hydrophitic co- 
solvents such as ethanol or propylene glycol, liquid polyethylene glycols, or lipophilic 
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soiubiiizers such as lecithin, poiygiyco! esters of fatty acids or poiyglyco! esters of fatty acid 
giyoerldes. The use of those soiubiiizers generates other problems, for example diminished 
stability due to phase separation of the individual eomponems of the formulation, or lower 
gastrointestinal tolerance, iViany soiubiiizers are not acceptable for the incorporation in orai 
dosage forms. 

If the addition of the above-mentioned soiubiiizers still fails to promote the soJubility of the 
active agent, the incojporation in a homogenous lipid dispersion has been proposed. In 
such a dispersson the active agent is encapsulated in lipid particles having a particle size 
smaller than 1 iim. The "loaded" iipid particles then form with the aqueous canier liquid an 
aqueous phase of cofloldaily dispersed or, preferably, finely dispersed character, which 
differs from the true homogeneous distribution of solutes at molecularly dispersed level but 
IS: nevertheless, sufficiently homogeneous for the preparation of intravenous and oral 
dosage fomis. 

Numerous publications suggest the incorporation of active pharmaceutical agents of low 
solubility in micetis, mixed mtcetls, reversed micelis, uniiameilaror muitiiameiiar liposomes, 
nanocapsufes or nanoparticles, 

These methods have the clear advantage of improved solubilization of an active agent 
having markedly low solubility. Unfortunately, these advantages are again diminished by 
other problems, including the low stability of the aqueous systems due to the separation of 
the phase Into the invidua! components, insufficient amounts of encapsulated active agent, 
the strong dependency of the particle size on the method and conditions em ployed, 
unsatisfactory uniformity and insufficient reproducibility of the products obtained, and other 
problems. 

Surprisingly, it has now been found that selected pharmaceuttcally acceptable polymers are 
suitable for the preparation of nanoparticles which encapsulate the active agent of low 
water-solubility in therapeutically effective amounts and release the active agent in target 
regions of the gastrointestinal tract. 

The present invention relates to a pharmaceutical composition forth© oral administration of 
an active agent having tow water-solubility, wherein 
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a) the active agent is dispersed in an aqueous fofmulation base; and 

b) the soiubilizlng agent is suitable for the formafion of an aqueous dispersion of nano- 
particles; 

which is characterized In that the sotubtiizing agent is a phamiaceytscaily acceptabte 
polymer which is resistant to gastric juices and soiubie in intestina! juices. 

The pharmaceutical composition according to the present invention has the benefit of 
providing an enhanced solubiitty and bjoavaifabliity of the actiue agent to be administemd in 
the orai dosage fomi. The active agent is released in selected target regions of tie 
gastrointestlnai tract such as the small intestine. The r^tease in those regions ts desirable in 
view of improved resorption through larger areas of the epithelium and of larger amounts of 
juice present in the intestine which reduces the risk of ulceration as compared with gastric 
resorption. 

The general terms used throughout the specification of this invention am preferably defined 
as follovtfs: 

The term pharmaceutical composition means a mixture containing the active agent of low 
water-solubiiity to be administered In the orai dosage fomi to a host in a therapeutic method 
of treating the disease or conditfon indicated. 

The term oral administration means the enterai administration of a dosage form commonly 
known as oral dosage fomi. 

Oral dosage forms are in particular solid oral dosage forms containing defined amounts of 
the active agent, such as capsuies or sachets, but also liquid dosage forms, such as 
droplets, suspensions, or emulsions. Capsules are dry-filted capsules made of gelatin, 
especially hard gelatin, which are prepared, where appropriate, with the addition of solid 
excipients, and which are dissolved without time delay by itm aclion of gastric juice to 
release the components a) and b). Suitable excipients such as sorbitol, lactose, starch, or 
magnesium stearate, may be admixed. Soft capsuies, may contain the liquid dosage forms 
mentioned, in particular suspensions or emulsions. They may contain, as additives, glycerol, 
iecithtn, fats, oi!, paraffin oil or iiquid polyethylene glycol. Ofy-filied capsule sizes 0-4, 
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preferably 0-2, are suitable, depending on the dose to be administered. Commercial 
products marketed by Eli Liiiy, Elanco, Capsuge!, Shionogi, or Scherer are suitable. 

Sachets are containers, e.g. bags made oi polyethylene, fined paper or atumtnum foH, that 
contain components a) and b) and, optionaliy, additives such as lactose or starch. The 
composition may be removed directly after opening the sachet and administered orally, e.g. 
admixed witti water. 

An active agent of tow water solubility preferably has a water solubility of less than 
500 mg/1000 ml, partlcuSariy less than 200 mg/tOOO ml and may be selected from any 
therapeutic group such as immune suppressive agents, non-steroidal antiinflammatory 
agents (NSAID), calcium channel blockers, Immunomodylators, antibiotic agents and 
others. 

A particularly preferred active agent having low waier solubility is a selected H! V-l protease 
Inhibitor to which the foiiowing fomiula has been asigned: 




HtV-1 protease was first suggested by Kramer et af. (Science 231 , 1580 - 1584, (1 986)) 
being a target for AIDS treatment. Since then several types of HIV-1 protease inhibitors 
have become known. Like many other active agents of peptsdic statcture, this HiV-1 
protease inhibitor (A) has a relatively short half-life in some in-vivo pharmaceutical models 
(mouse) and suffers from an insufficient oral bioavailability. The latter effect Is presently 
attributed 1o ihe extremely low aqueous solubility (8 mg/ 1000 mi at pH 7.4). 

The following nomenclature has been assigned to the HIV-t protease Inhibitor of the 
formula (A) given above: 
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Boc-Phe[C3-(p-CH30)Phe-(L)KPhe-morpho!in-4-y!).amideor 5(SHert.-Butoxycafbonyi- 
amino-4(S)-hydroxy-2{R)-4-methoxypheny!methyl-6-p!iertyi-nexanoy!-(L)-Vaf-(L)-^ 
morpholtn-4-ylarBide, This compound is referred to in this specification as HiV-1 protease 
inhibitor of formula A or, where appropriate, as active agent. The preparatton of this 
compound is described in the Publssfied European Patent Application {EP-A) No. 618 222 
(publication date Oct. 6, 1994), 

The term "sofublifzed" means the homogenous dispersion of the active agent having tow 
water soiubstity in an aqueous phase with the aid of a pharmaceutically acceptable 
solubilizer which is suitable for the preparation of nanoparticies. 

Nanopadictes are solid spheroid partictes ranging in size from about 10 to 1000 nro. When 
dispersed in an aqueous phase, they have colioida! properties. Nanoparticies is a generic 
term that comprises nanospheres and nanocapsules, Nanospheres have a pofymeric matrix 
type structure, whereas nanocapsules have a shell formed of polymers surrounding an 
inner liquid cone. Nanoparticies encapsulate the active agem of low water solubility. 

The term "encapsulate" means the presence of an active agent having low water sofubflity 
in nanoparticies. In nanospheres, the active agent may be adsorbed at their surface, or 
entrapped, e. g. as microcrystals, In the poiymeric matrix or dissolved therein, in 
nanocapsules the active agent may be dispensed in the liquid present in the inner core, but 
may also be adsorbed at the surface. 

The term "aqueous formulation base" means the aqueous carrier liquid wherein the 
nanoparticies containing the active agent having low water soiubility are homogeneousiy 
dispersed. The carrier liquid may contain conventionaf additives customarliy used for 
preparing liquid oral dosage forms which are administered directly in the fonts of syrups or 
drops or administered with the aid of small container such as capsules. 

A soiubliizing agent which is suitabie for the formation of an aqueous dispersion of nano- 
particies is, for example, a pharmaceuttcally acceptabie copoiymer which is resistant to 
gastric juice and soluble in intestinal juices. This copolymer inhibits the release of the active 
agent under strongly acidic conditions present in gastric fluids but aiiows the controlied 
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release of the active agent (drug targeting) from nanoparttcSes in pH-neutral oralightiy basic 
luices present in the small intestine. The targest amount of active agent is released in the 
duodenum, but some release in the jejunum is also possible. 

A suitable copoiymer, which Is resistant to gastric juice and soluble in intestinal juices, is 
formed from monomers selected trom the group consisting of methacrylic acid, methacrylic 
acid esters, acrySic acid and acryiic acid esters. Those polymers are commefcially available 
from Rohm Pharma GmbH, Welterstadt Germany mailceted under the trademai1< 
EUDRAGIT {Registered Trademark of Rohm Phamia GmbH). 

An especially preferred polymer is the 1 :1 - up to 1 :2-oopoiymer which is resistant to gastric 
juice and soluble in intestinai juices and which is formed from monomers selected from the 
group consisting of methacrylic acid and methacrylic acid lower aikyi esters, such as the 
1 :1 - up to 1 :2-copol>TOer from methacfySic acid and methyl methacryiate. The 1 ;1 -copoly- 
mers are marketed In the EUDRAGIT L series. The corrBsponding 1:2-copoiymers are 
marketed in the EUDRAGIT S series. 

An especiaiiy preferred polymer is the 1 :1 -copolymer of methacrylic acid and acrylic acid 
ethyl ester, This polymer Is marketed under the product name EUDRAGIT L 100-55, 

An alternative poiymer suitable for the fomnation of nanopartlcles is potyviny! acetate 
phtiiatate {PVAP} or a pharmaceuticaily acceptable cellulose derivative selected from the 
group consisting of hydroxypropyf methyl cellulose acetate sucdnate (HPyCAS), 
hydroxypropyl methyl ceilulose phthalate (HPMCP), cellulose acetate phthalate {CAP), and 
cellulose acetate tiimeliitate (CAT), 

HPMCP is marketed as aqueous dispersion by Eastman Kodak Corp.. HPMCP 50 (USP/NF 
type 220824) and HPI^CP 55 (USP/NF type 200731) are especiafiy preferrBd. 

CAP is marketed as aqueous dispersion under the trademark AQUATERSC { Registered 
Trademark of pyc Corp.) or is commercially available from Eastman {composition: phthalyl 
35 %, acetyl 24 %, moisture 1 %, free acid 0.5 % (as phthatic acid)). 
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CAT is commerciatiy availabSe from Eastman (composiSon; tfimetfity} 29 %, acetyi 22 %, 
moisture 1 %, free acid 0.6 % (as phthaitcacid}). 

The presenl invention atso reiales process for ihe preparation of the pharmaceutjcal 
composition, which is characterized in that an aqueous dispersion of nanoparticies 
containing a) the active agent to be sofubilized and b) the sotubilizing agent, which is 
suitabie for the fomrsation of an aqueous dispersion of nanoparticles, is formed; and the 
dtspension is processed further under the optional addition of phamiaceuticafly acceptable 
additives c), which are suitable for the incorporation in a dosage form for the ora! 
administration. 

Various methods for carrying out this process are l<nown. They are compiied in the 
publication of Eric Ailemann et a!., Eur. J. Phamn, Blopham. 39(5), 173-191 (1993). The 
methods for the preparation of nanospheres are particulary preferred. 

An espedaliy preferred method comprises the preparation of an aqueous gei containing a 
hydrophiiic poiymer under the optionai addition of a water solubie salt. This gef is then 
combined with a solution of a non-toxic organic solvent containing the active agent and the 
poiymer which rs suitabte for the formation of an aqueous dispersion of nanoparticles. 
Phase separation is observed, and after addition of water the nanoparticles formed are 
homogeneously dispersed in the aqueous phase. The aqueous phase is then processed 
further to the phafTfiaceutica! dosage fomi intended, e.g. by applying conventional 
purification and separation methods. 

The preparation of the aqueous ge! containing the hydrophiiic poiymer is disciosed in the 
reference of E. Atiemann, loc. cit,, and the references cited therein. The ge! is formed by the 
addition of water to the hydrophiiic polymer. Suitable hydrophiiic polymers are polyvinyi 
alcohols, such as the ones matteted under the trademark IVIOWIOL (Registered Trademark 
of Hoechst AG, Germany). Preferred are polyvinyl alcohols having a degree of hydroiysis of 
more than 70 % (partiaiiy hydrotyzed grades), espedaily more than 87 %. e.g. MOWIOL 
from the 88 and 92 series, e.g. 4-88, 5-88, 8-88, 18-88, 23-88, 26-88. and 40-88. To 
faciittate the phase separation from the organic phase subsequently added, the addition of 
a physiologically acceptable water-solutaie salf, such as magriesium chloride, or magnesium 
acetate, to the gei phase is preterred. 



wo 96/354 14 TCt IWf^6m 769 



Th8 gel phase is added under stirring to a soiutfon of a non-toxic organic soiverit, e.g, 
acetone or benzyl afcohot, containing the active agent, e.g. the HSV-1 protease tnhitiitor of 
the formula (A) of above, and the pharmaceutically acceptabie poiymer, wliich is suitabie for 
the fomiation of nanoparttcfes defined above, especially EUDRAGIT from the L and S 
series, especiaily EUDRAGiT L 100, L 100-55 or S 100. 

Pure water is added to allow the diffusion of the organic solvent to the aqueous phase, and 
the nanoparfieSes are formed and homogeneously dispersed therein. The aqueous phase 
may be processed further by conventional purification and separation methods resulting in 
the preparation of the dosage form desired. 

The dispersion obtained may be defined as aqueous suspension of nanoparticles 
containing the active agent having low water-solubility. According to the preferred method of 
phase separation of the aqueous ge! from the organic solvent, a homogeneous dispersSon 
of nanospheres is obtained, Nanosphems are clearly distinguishable with physical methods, 
such as photon correlation spectroscopy (PCS), e. g. with a COULTER NANO-SIZER, 
LASER light scattering methods, or electron microscopy from other micropartlcles such as 
liquid crystals, micells, reversed micells, liposomes, microspheres or microcapsules. For a 
statistical average of more than 80 %, preferably more than 90 %. a mean average particle 
size between 60 and 300 nm has been determined. The size of the nanoparticles obtained 
depends on the established and l<nown methods chosen for their preparation. 

The homogenous dispersion containing nanospheres is then processed further to a con- 
ventional pharmaceutical dosage fomi by applying standard purification methods, such as 
the ones known in the art for purifying nanoparticles, such as ultracentrifugatson, cross - 
flow filtration, or sterile filtration. The dispersion can also be lyophilized in a conventional 
manner and the iyophilisate is reconstituted to the pharmaceutical dosage form desired. 

An oral dosage form is prepared by applying known methods such as the ones mentioned 
in Hagers Handbuch der Pharmazeutlschen Praxis or Remington's Pharmaceutical 
Sciences, The additives customariiy used for the preparation of oral dosage forms may be 
added if necessar>', Their choice depends on the type of dosage form requested, e. g. solid 
or liquid oral dosage forms. 
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The homogeneous dispersion contasning the nanosphefes may also be converied to a 
iyophilisate which is reconstitutect by the addition of water befofe the dispersion is 
administered. Even after reconstituting the iyophilisate, a homogenous nanodispersion is 
formed again. When preparing the lyophiiisates, the addition of cafcuiated amounts of water 
soluble additives is recommended. 

The homogeneous dispersion, optionally after concentration to standardized voiumes, or 
the lyophiiisate is then added to suitable containers for unitary dosage fomis, such as vials. 

The foiiowing Exam pies are illustrating the invention as disctosed In the instant specification 
without iimiting the scope thereof; temperatures are given in degrees Celsius; a!! 
percentages mentioned are weight percentages (w/w); 

Example 1 

1 a) An aqueous gel (42.5 g) containing 60 % magnesium chioride hexahydrate and 1 1 % 
polyvinyl aicohoi (MOWiOL 4-88, Hdchst) is added under stirring {1200 rpm) to an acetone 
solution {17 g) containing 16.2 % EUDRAGiT S 100 and 1.8 % HlV-1 protease inhibitor of 
formula A. resuittng in the formation of an oil-in-water emulsion. Pure water (SO g) is added 
to allow the diffusion of acetone into the aqueous phase, with the result of forming 
monodispersed pofymeric nanopartictes. 

1 b) The nanoparticuiate dispersion is then purified by cross-flow fiitration using a 
SARTOCON Mint Device (Sartorlus, GStttngen, Gemany) mounted with a poiyofefin 
cartridge filter with a 100 nm pore size. The filtration procedure is stopped after collecting 
10 1 of ffitrate. The aqueous dispersion is ftnaiiy frozen for 10 minutes at -55'' and freeze- 
dried for 24 h at 0.05 mbar. 

1 c) The lyophiiisate is reconstituted in water with gentle agitation. The average particle size 
measured with a COULTER NANO-SIZER before purification with cross-flow filtration is 
264 nm (polydtspersity index: 2) and after reconstitution of the lyophiiisate is 268 nm 
{poSydispersity index: 3). The freeze-dried nanopartictes contain 9.8 % of the active agent. 
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An aqueous gel {40 g) containing 14 % pofyvinyl alcohol (MOWIOL 4-88, Hochst) is added 
under stirring (1200 rpm) to a benzyl aicohoi soiution {17 g) containing 12,8 % 
EUDRAGiT L 100 and 1,42 % active agent, resulting in the forfnation of an oii-in- water 
emuiston. Pure water (660 g) is added to aJtow the diffusion of benzy! atcohot into the 
aqueous pfi^e, with the result of forming monodispersed poiymersc nanoparticSes. 

The aqueous dispersion of nanoparticles is purified and freeze-drted for 46 h as described 
tn Example 1 b). The lyoptiifisate Is reconstituted in water with gentf e agitation. Trie average 
particle size measured with a COULTER NAN0-SI2ER fciefore purification with cross- fiow 
filtration is 265 nm (poiydispersity index: 2) and after neoonstitution of the fyophitisate Is 
271 nm (poiydispersity index-. 1). The freeze-dried nanopariides contain 10.0 % of the 
active agent. 

Example 3 

Nanopartfdes are prepared, punfied and freeze-dried as described above In Example 1a) 
and 1 b). EUDRAGIT S 100 is replaced with EUDRAGIT L 100-55. The lyophiiisate is 
reconstituted In water with gentle agitation. The average particle size measured with a 
COULTER NANO-StZER before purification with cross-flow fiitration is 240 nm 
(poiydispersity index: 2) and after reconstitution of the lyophiiisate is 246 (poiydispersity 
index: 2). The freeze-dried nanoparticles contain 8.6% of the active agent. 
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Claims: 

1 . A pharmaceutical composftion for the oral administratson of an active agent having low 
water solubility, wherein 

a) the active agent is dispersed In an aqueous fomiuiation base; and 

b) the solubilizing agent is suttabSe for the formation of an aqueous dispersion of nano- 
particles; 

which ts characterized In that the soSubiiizIng agent is a pharmaceutlcaliy acceptable 
l>o!ymer which is resistant to gastric juices and soluble In intestinal |uic8S, 

2. A pharmaceutical composition according to claim 1, wherein the pofymer, which is 
resistant to gastric Juices and soluble in intestinal Juices is a copolymer from monomers 
selected from the group consisting of meihacfyiie acid, methacrytic acid esters, acrylic acid 
and acryitc acid esters, 

3. A pharmaceytical composition according to claim 1 , wherein the polymer, which is 
resistant to gastric juices and soluble in intestinal Juices is a pharmaceuticajty acceptable 
cellulose derivative selected from tTie group consisting of hydrox^ropyl methyl cellulose 
acetate succinate (HRMCAS), hydroxypropylmethylceilulose-phthalate (i-iPMCP), 
celluloseacetate-phthaiate (CAP), and celluioseacetatetrimeilitate (CAT). 

4. A phanmaceuticai composition according to claim 2, wherein the polymer is a 1:1- up to 
1 :2-copolymer from monomers selected from the group consisting of methacrylic acid and 
methacryiic acid lower ali<yl esters, 

5. A phamiaceutical composition according to claim 4, wherein the copolymer is a 1:1- up to 
1 :2-copotymer of methacryiic acid and melhacrylic acid methyl ester. 

6. A pharmaceutical composition according to ciaim 2, wherein the copolymer is a 1 :1- 
copolymer of methacryiic acsd and acrylic acid ethyl ester. 

7. A pharmaceutical composition according to claim 1 , wherein the solubiiizing agent is 
suitable for the formation of nanospheres. 
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8. A pharmaceutioa! composition according to ciaim 1 , wherein the formuiation base 
contains water soSubfs additives suitable for sncorporation in a dosage iam intended for orai 
adrnintslration, 

9, A process for the preparation of the pharmaceutical composition accottiing to ciaim 1, 
which is ciiaracterized In tiiat an aqueous dispension of nanoparticies containing a) the 
active agent to be soiubsiized and b) the solubiiizing agent, which is suitabie for the 
formation of an aqueous dispersion of nanoparticies, is fomied; and the dispersion is 
processed further under the optional addition of pharmaceuticaiiy acceptable additives c), 
which are suitable for the Incorporation in a dosage form for the orai administration. 

10, A process according to claim 9, characterized in that the aqueous dispersion of 
nanoparticies is processed further to a lyophtiisate. 

11. A process according to claim 9, chanaclerized in that the aqueous dispersion of 
nanoparticies is filied into starch, hard gelatin or soft geiatin capsules. 
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